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ABSTRACT 



PROBLEM TO BE SOLVED: To provide a TFT and display, wherein the threshold 
voltage generated due to the polarization of a planarized film layer insulation film of the 
TFT by moisture or impurity ions is suppressed for obtaining a uniformly bright display 
in a screen with few defects. 

SOLUTION: On an insulative substrate 1, a Cr gate electrode 2, gate insulation film 3 
and active layer 4 consisting of a polycrystalline Si film having a source 5, channel 7 
and drain 6 are formed, a layer insulation film 9 is formed on the gate insulation film 3, 
active layer 4 and the entire surface of a stopper insulating film 8, a drain electrode 10 is 
formed by charging a metal such as Al in a contact hole which is formed through the 
layer insulation film 9 at position corresponding to the drain 6, and a conductive layer 
11 connected to a gate signal wiring G on the insulative substrate 1 is formed via 
contact holes 14 of the gate insulation film 3 and layer insulation film 9 on the layer 
insulation film 9 above the channel 7. 
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Abstract (Basic): JP 11354802 A 

NOVELTY - A gate electrode (2), gate insulating film (3), a semiconductor film with 
channel (7), layer insulation film (9) and flat insulating film (12) are formed on a 
substrate (1). A conductive layer (11) is formed between the films (9,12). The width 
of conductive layer in channel upper portion is narrower than length of channel. The 
layer (11) is not superimposed on edges of gate electrode and channel. 
USE - For use in active matrix liquid crystal display device. 

ADVANTAGE - Prevents polarization by upper and lower sides of a layer insulation 
film and hence transistor which suppresses back channel generation and stabilizes 



ihreshoid voitage, is obtained. Reduces defects in display device and display with 
uniform brightness is obtained. 

DESCRIPTION OF DRAWING(S) - The figure shows the sectional drawing of liquid 
crystal display device. 
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Flat insulating film (12) 
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Specification 

(54) Title of Invention: Thin Film Transistor and Display Device 
(57) Summary 

[Problems] lb offer a TFT and a display device wherein a display with less defects and 
the uniform luminous intensity in a screen can be obtained by controlling a change of a 
threshold voltage caused by generation of polarization on a planarizing film or an 
interlayer insulating film of the TFT because of moisture or impurity ions. 
[Means for resolving problems] A gate electrode 2 made of Cr, a gate insulating film 3, 
and an active layer 4 made of a polycrystalline sihcon film wherein a source 5, a channel 
7 and a drain 6 are provided, are formed on an insulating substrate L an interlayer 
insulating film 9 is formed on the whole of the gate insulating film 3, the active layer 4 
and a stopper insulating film 8. A drain electrode 10 is formed on the position 
corresponding to the drain 6 of a contact hole provided in this interlayer insulating film 9 
by fillin g up metal such as Al etc., and at the same time, a conductive layer 11 connected 
to a gate signal wiring G on the insulating substrate 1 is formed on the interlayer 
insulating film 9 which is provided over the channel 7 through a contact hole 14 provided 
in the gate insulating film 3 and the interlayer insulating film 9. 
[What is claimed] 

[Claim l] A thin film transistor comprising: 

a gate electrode, a gate insulating film, a semiconductor film with a channel, an 
interlayer insulating film, and a planarizing insulating film; and 

a conductive layer is provided on said interlayer insulating film or on said 
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planarizing insulating film, and over said channel; 

wherein a width of said conductive layer in the channel length direction over said 
channel is narrower than the channel length of said channel, and said conductive layer is 
not superposed on an end of said gate electrode and that of said channel in the channel 
length direction. 

[Claim 2] A thin film transistor of Claim 1, wherein said conductive layer is connected to 
said gate electrode. 

[Claim 3] A thin film transistor of Claim 1 or 2, wherein said conductive layer is a 
floating electric potential or a constant electric potential. 

[Claim 4] A thin film transistor of one Claim among Claims 1 to 3, wherein an insulating 
film provided between said conductive layer and said semiconductor layer is made of a 
silicon oxide film, a silicon nitride film, a simple organic film or a lamination by each film, 
and a total thickness of said insulating film is not less than 5000 A. 
[Claim 5] A display device wherein a thin film transistor of one Claim among Claims 1 to 
4 is provided. 

[Detailed description of the invention] 
[0001] 

[Field of the invention] The present invention relates to a thin film transistor (Thin Film 
Transistor^ hereinafter referred to as TFT) with an insulating film and a display device 
wherein the TFT is used as a switching element. 
[0002] 

[Prior Art] Recently, a TFT wherein a polycrystalline silicon film is used for an active 
layer as a driving driver element or a pixel driving element of various display devices, for 
example an active matrix type liquid crystal display device (Liquid Crystal Display: 
hereinafter referred to as LCD) has been developed. 

[0003] The following is an explanation of a LCD wherein the conventional TFT is 
provided. 

[0004] Figure 8 shows a TFT plan view of the conventional display pixel portion, and 
Figure 9 shows a cross sectional view of a LCD with the TFT which is provided along 
E-E line in Figure 8. 

[0005] As shown in Figure 8, the TFT of the pixel portion is provided nearby the crossing 

in. 



point of a gate signal line G that supplies a gate signal and a drain signal line D that 
supplies an image signal, and of which source is connected to a display electrode. 
[0006] A structure of TFT is explained according to Figure 9. 

[0007] A gate electrode 2 and a gate insulating film 3 which are made of the high-melting 
metal such as Chrome (Cr) and Molybdenum (Mo) etc., and an active layer 4 made of a 
polycrystalline silicon film are formed in order on an insulating substrate 1 which is 
made of quartz glass, alkali free glass, etc. 

[0008] A source 5 and a drain 6, which are formed by implanting ions into a channel 7 
over the gate electrode 2 and both sides of the channel 7 using a stopper insulating film 8 
on the channel 7 as a mask, are provided on the active layer 4. 

[0009] An interlayer insulating film 9 wherein a SiC>2 film, a SiN film and a Si02 film are 
laminated is formed overall the gate insulating film 3, the active layer 4 and the stopper 
insulating film 8, and a drain electrode 10 is formed by filling up metal such as Al etc. 
into a contact hole which is provided corresponding to the drain 6. Furthermore, a 
planarizing film 12 made of an organic resin for example, is formed on the whole of them 
in order to planarize the surface. Next, a contact hole is formed in the position 
corresponding to the source 5 of the planarizing film 12, and a display electrode 13 that a 
transparent electrode holding a source electrode simultaneously which is made of ITO 
(Indium Thin Oxide) and is contact with the source 5 through this contact hole is formed 
on the planarizing film 12. Then, an alignment film 14 which is made of the organic 
region such as polyimide and orientates a liquid crystal 24 is formed on the display 
electrode 13. 

[0010] Peripheral portions of the insulating substrate 1 with the TFT formed in this way 
and a counter substrate 20 with a counter electrode 21 opposed to this substrate 1 and 
an alignment film 22, are adhered with a sealing adhesive 23, and the liquid crystal 24 is 
filled up between the formed clearance. 
[0011] 

[Problems to be solved by the Invention] However, in the structure of such conventional 
TFT, an impurity or impurity ions caused from the sealing adhesive at being hard, 
moisture or impurity ions in the liquid crystal 24, moisture coming from the outside 
through the portion 25 where the sealing adhesive 25 is peeled off and lifted, and 
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moisture in the atmosphere adhered by which the planarizing film 12 touches the 
atmosphere, etc. adhere to the surface of the planarizing film 12, so that the surface of 
the planarizing film 12 becomes charged. Consequently, the polarization is on the 
upper and lower sides of respective films of the planarizing film 12 or the interlayer 
insulating film 9. 

[0012] Accordingly, there is a defect that a threshold voltage of the TFT is changed 
because a back channel is formed in the TFT 

[0013] Besides, in case of using this TFT in the LCD, an ON electric current of the TFT is 
reduced when the threshold voltage of the TFT is changed to an increasing direction, 
conversely an OFF electric current is increased when the threshold voltage is changed to 
a reduced direction. Therefore, there is a defect that fine display cannot be obtained 
because a light point defect that both pixels are always lighted is caused, and a display 
with the uniform luminous intensity in a screen cannot be obtained when the threshold 
voltage in each TFT is disorderd. 

[0014] Then, the present invention, is accomplished in consideration of above 
conventional defect, and has the purpose to offer the TFT with stable threshold voltage 
by controlling the polarization of the planarizing film or the interlayer insulating film on 
the TFT, and the LCD which can obtain a display with the uniform luminous intensity in 
a screen by reducing the defect of lighting point etc. 
[0015] 

[Means for resolving problems] 

A thin film transistor of the present invention comprising: 

a gate electrode, a gate insulating film, a semiconductor film with a channel, an 
interlayer insulating film, and a planarizing insulating film; and 

a conductive layer is provided on said interlayer insulating film or on said 
planarizing insulating film, and over said channel; 

wherein a width of said conductive layer in the channel length direction over said 
channel is narrower than the channel length of said channel, and said conductive layer is 
not superposed on an end of said gate electrode and that of said channel in the channel 
length direction. 

[0016] Besides, the conductive layer is connected to the gate electrode. 
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[0017] Besides, the conductive layer is a floating electric potential or a constant electric 
potential. 

[0018] Besides, the insulating film provided between the conductive layer and the 
semiconductor layer is made of a silicon oxide film, a silicon nitride film, a simple organic 
film or a lamination by each film, and a total thickness of the insulating film is not less 
than 5000A. 

[0019] Besides, the present invention is a display device wherein the thin film transistor 

mentioned above is provided. 

[0020] 

[Embodiment] The following is an explanation of a TFT wherein the present invention is 
applied. 

[0021] Figure 1 shows a plan view of TFT in a display pixel portion wherein the present 
invention is applied. Figure 2 shows a cross sectional view of a LCD which is along A* A 
line in Figure 1. Figure 3 shows a cross sectional view of a TFT which is along B-B line 
in Figure 1. 

[0022] As shown in Figure 1, a TFT to which a display electrode 13 is connected is 
provided nearby the crossing point of a gate signal line G including a gate electrode 2 
and a drain signal line D including a drain electrode 10. 

[0023] As shown in Figure 2, the gate electrode 2 made of the high-melting metal such as 
Cr, Mo etc., a gate insulating film 3 made of a SiN film or a Si02 film, and an active layer 
4 made of a polycrystalline silicon film are formed in order on an insulating substrate 1 
made of a quartz glass, alkali free glass, etc. 

[0024] A channel 7 over the gate electrode 2, a source 5 and a drain 6 which are formed 
by implanting ions into both sides of the channel 7, are provided in the active layer 4. 
[0025] A stopper insulating film 8 made of a SiC>2 film which functions as a mask for 
covering the channel 7 so as to prevent ions from entering to the channel 7 at ion 
implantation when the source 5 and the drain 6 are formed, is provided on the channel 7. 
[0026] Then, an interlayer insulating film 9 wherein a SiC>2 film, a SiN film and a SiC>2 
film are laminated is formed on the whole of the gate insulating film 3, the active layer 4 
and the stopper insulating film 8. This interlayer insulating film 9 is made of each 
simple organic film of an organic material such as SiO, SiN, acrylic, etc., or multi-layered 
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films wherein any materials are combined. 

[0027] Next, a drain electrode 10 is formed on the position corresponding to the drain 6 
by filling up a simple Al, or the metal wherein Mo and Al are laminated into the contact 
hole provided in the interlayer insulating film 9 in order. Simultaneously with forming 
the drain electrode 10, a conductive layer 11 is formed on the interlayer insulating film 9 
over the channel 7. That is to say, the conductive layer 11 which is made of a simple Al 
or a lamination of the metal of Mo or Al in order is formed. 

[0028] As shown in Figure 3, the conductive layer 11 provided on the interlayer 
insulating film 9 is connected to the gate signal wiring G on the insulating substrate 1 
through the contact hole 14 made in the gate insulating film 3 and the interlayer 
insulating film 9. The drain signal wiring D is provided on the interlayer insulating 
film 9. Then, a planarizing film 12 made of an organic resin for example, is formed on 
the whole of them. A contact hole is formed in the position corresponding to the source 
5 of this planarizing film 12, and a display electrode 13 that is made of a transparent 
conductive material such as ITO etc. which is contact with the source 5 and is a 
transparent electrode holding a source electrode simultaneously is formed. An 
alignment film 15 which orientates a liquid crystal 24 is formed over there. 
[0029] Besides, a total thickness of the insulating film between the conductive layer 11 
and the active layer 4, that is to say, that of the stopper insulating film 8 and the 
interlayer insulating film 9 in the present embodiment is not less than 5000 A. 
Consequently, a distance between the conductive layer 11 and the active layer 4 is long, 
so that a mutual influence can be controlled, the probability of causing a pinhole in the 
insulating film is extremely low, and the characteristics of the TFT can be improved. 
[0030] The LCD is accomplished by adhering the peripheral portions of the insulating 
substrate 1 with the TFT formed in this way and the counter substrate 20 with the 
counter electrode 21 and the alignment film 22 which are opposed to this substrate 1 with 
the sealing adhesive 23, and by filling up the liquid crystal 24 into the formed clearance. 
[0031] An explanation of the channel in the present invention is performed here 
according to Figures 4 to 6. 

[0032] Figure 4 shows a cross sectional view of a TFT with the so-called offset structure 
which is along A- A line in Figure 1. 
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[0033] As shown in the same Figure, the drain 5 (d region in Figure) and the source 6 (e 
region in Figure) wherein ions with high concentration are implanted into both sides of 
the gate electrode 2 are provided on the active layer 4 provided on the gate insulating 
film 3. Oflset regions 35, 36 and 37 wherein ions are not implanted: the region (bl 
region in Figure) between the drain 5 and the end of the gate electrode 2, the region (cl 
region in Figure) between the source 6 and the end of the gate electrode 2, and the 
regions (b2 and c2 in Figure) between both gate electrodes; are provided. At this time, 
the region of the active layer 4 on which the gate electrode 2 is superposed is the channel. 
That is to say, the regions shown by al and a2 in Figure are the channel length in the 
present invention. 

[0034] Figure 5 shows a cross sectional view of a TFT with the so-called LDD (Lightly 
Doped Drain) structure which is along AA line in Figure 1. 

[0035] As shown in the same Figure, the drain 5 (d region in Figure) and the source 6 (e 
region in Figure) wherein ions with high concentration are implanted into both sides of 
the gate electrode 2 are provided in the active layer 4, furthermore, the so-called LDD 
regions wherein ions with low concentration are implanted are provided in the region (bl 
region in Figure) between the drain 5 and the end of the gate electrode 2, the region (cl 
region in Figure) between the source 6 and the end of the gate electrode 2, and the 
regions (b2 and c2 in Figure) between both gate electrodes. Besides, the active layer 4 
between this LDD region 38 and the LDD region 39 is a channel. That is to say the 
regions shown by al and a2 in Figure are channel length in the present invention. 
[0036] Figure 6 shows a cross sectional view of a TFT wherein a source and a drain are 
formed in an active layer is along A- A line in Figure 1. 

[0037] As shown in the same Figure, the drain 5 (d region in Figure) and the source 6 (e 
region in Figure) wherein ions with high concentration are implanted into both sides of 
the gate electrode 2 are provided in the active layer 4. In this case, the region between 
the drain 5 and the source 6 is the channel. That is to say, the regions shown by a in 
Figure (al and a2 in Figure) are the channel length in the present invention. 
[0038] As shown in Figures 1 and 2, the conductive layer 11 is superpose on the gate 
electrode 2 which is included in the gate signal line G and the channel 7 provided over it. 
However, the ends of the conductive layer 11 are provided not so as to superpose on the 
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ends of the gate electrode 2 and the channel 7. 

[0033] The effect in case of a TFT with a LDD region is explained. 

[0040] In Figure 5, in case that a width of the conductive layer 11 is not less than a and of 

which ends are superposed on the LDD regions, when the conductive layer 11 is 

connected to the gate electrode 2 like the present embodiment, a deterioration that a 

leak electric current and a generation of an electric charge etc. is caused between the 

conductive layer 11 and the active layer 4 through the interlayer insulating film 9 by 

causing a strong electric field on the superposition of the conductive layer 11 and the 

LDD region. If the interlayer insulating film 9 is improved to be high quality such as 

high density in order to control this leak electric current, an increase in film deposition 

time etc. reduces a throughput. 

[0041] Besides, if the conductive layer 11 is superposed on the LDD region, the capacity 
between the gate and the source is increased. 

[0042] However, when a width of the conductive layer 11 is less than those of the channel 
7 and the gate electrode 2, and the conductive layer 11 is not superposed on the ends of 
the channel 7 and the end of the gate electrode 2, the deterioration mentioned above and 
an increase of the capacity can be controlled. Besides, the same effect can be obtained 
in case of superposition on an offset region as well as in case of superposition on the LDD 
region. 

[0043] As mentioned above, by providing the conductive layer of which width is less than 
those of the channel and the gate electrode and not so as to superpose on those ends, the 
surface of the interlayer insulating film is prevented from adhesion of an impurity, so 
that the surface of the interlayer insulating film is prevented from storing the electric 
charge, a TFT with stable threshold voltage can be obtained, and a LCD with less defects 
such as a lighting point etc. and a display with uniform luminous intensity in a screen 
can be obtained. 

[0044] Besides, because the conductive layer 11 is not connected to the gate electrode like 
the first embodiment shown in Figure 7, the same effect as the case of connecting to the 
gate electrode can be obtained as a floating electric potential. A cross sectional view of a 
TFT which is along OC line in Figure 7 is the same as that of Figure 2 mentioned above. 
[0045] Furthermore, the conductive layer 11 is provided on the interlayer insulating film 
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9, of which width is less than those of the channel 7 and the gate electrode 2, and not so 
as Lu be superposed on the ends of the channel 7 and the gate electrode 2. 
[0046] Besides, the conductive layer 11 of the TFT of the present invention can obtain the 
above-mentioned effect as a constant electric potential by providing further wiring for 
supplying the constant electric potential. The constant electric potential is a grounding 
electric potential or an electric potential of some V, for example. 

[0047] Also, the conductive layer can be provided on either gate electrode in the so-called 
double gate structure with two gate electrodes. 

[0048] Besides, the same effect can be obtained as the case that the conductive layer is 
provided on the planarizing insulating film as well as on the interlayer insulating film. 
[0049] Furthermore, the insulating film provided between the conductive layer and the 
active layer, for example, the stopper insulating film , the interlayer film and the 
planarizing insulating film in case of each embodiment can be made of a SiO film, SiN 
film , each simple organic film, and a lamination by each film. 

[0050] Also, in the present embodiment, the so-called bottom gate type TFT wherein a 
gate electrode is provided lower than an active layer is explained, but the same effect can 
be obtained when the present invention is applied to the so-called top gate type TFT 
wherein the gate electrode is provided upper than the active layer. 
[0051] Besides, in each embodiment mentioned above, the case that a TFT of the present 
invention is applied to a LCD is explained. However, the present invention is not 
limited to that case, for example, it can be applied to an organic EL (Electro 
Luminescence) display device, and the same effect mentioned above can be obtained. 
[0052] 

[Effect] According to the present invention, because the polarization in the upper and 
lower sides of the interlayer insulating film is prevented, a TFT with stable threshold 
voltage can be obtained by controlling generation of a back channel, so that the display 
device with less defects such as a lighting point etc. and a display with uniform luminous 
intensity in a screen can be obtained. 
[A brief explanation of Figures] 

[Figure l] A plan view of a TFT which shows the first embodiment of the present 
invention. 
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[Figure 2] A cross sectional view of a LCD which shows the first embodiment of the 
present invention. 

[Figure 3] A cross sectional view of a LCD which shows the first embodiment of the 
present invention. 

[Figure 4] A cross sectional view of a TFT which shows the first embodiment of the 
present invention. 

[Figure 5] A cross sectional view of a TFT which shows the first embodiment of the 
present invention. 

[Figure 6] A cross sectional view of a TFT which shows the first embodiment of the 
present invention. 

[Figure 7] A plan view of a TFT which shows the second embodiment of the present 
invention. 

[Figure 8] Apian view of the conventional TFT. 

[Figure 9] A cross sectional view of the conventional LCD. 
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